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Abstract 
Energy dispersive X-ray scattering (EDXRS) has been successfully applied for the identification of liquid materials for the first
time. Three liquid systems of primary alcohols, ketones compounds and acids are carefully investigation and the scattering 
spectra are described. Based on structural and compositional differences of compounds, the scattering profiles of all samples 
exhibit characteristic shapes, indicating that EDXRS profile is unique to each specific liquid material. These findings imply that
EDXRS would be promisingly applied as a non-invasive inspection for liquid identification. 
© 2010 Published by Elsevier Ltd. 
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1.  Introduction 
Energy dispersive X-ray scattering (EDXRS) is the measurement of the energy-dispersive low angle scattering of 
photons from a polychromatic incident beam. Under low energy and low angle conditions, coherent scatter plays a 
dominant role among scatter models. The physics of EDXRS and its potential as a tool for material identification 
has been described in detail elsewhere [1-3]. Over the passed decade, EDXRS has been widely developed as a 
technique for structural characterization of explosive, illegal drugs, and biological systems [4-7]. It has been 
recognized to be a suitable tool in the investigation of liquid systems because of its high speed and good reliability 
compared with those of a traditional angular scanning diffractometer [1, 8, 9]. More recently, intermolecular structure 
of pure liquid and solution has already been investigated extensively at different conditions by means of EDXRS 
methods, in order to study the local structure of H-bonding, hydration and molecular aggregation [10-12].
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 Liquid materials such as hazardous liquid fuel, liquid explosives and precursor chemicals are deserved special 
attention by security screening. Many different approaches have been proposed to address the challenge of liquid 
identification for security screening [13-18], Unfortunately, a part of such methods are costly and require sophisticated 
instrumentation; some approaches require direct contact with the liquid samples generally hidden in wine or liquor 
bottles that can not be opened routinely for inspection. EDXRS as a powerful tool that provides a very good 
structural insight of disordered systems, would be potentially used to identify and detect liquid substances [19, 20].
EDXRS is a method to noninvasively inspect unopened liquid containers, its scattering spectra can be collected 
much faster by using only a few reflection angles, though momentum transfer q ranges obtainable are equal to or 
larger than those of traditional diffraction [21]. Moreover, most of experimental equipments are cost-low, and the 
operating procedures of EDXRS are convenient due to its geometric properties allowing the placement of liquid 
samples stored in sealed cells. 
It is well-known that liquids do not possess sharp Bragg peaks which are generally presented by crystalline 
specimen. In contrast, they show more or less amorphous XRD patterns consisting of weaker and broader features, 
and the strength of which depends on the degree of molecular order in the material concerned [22]. It has prompted 
the facetious comment that liquid XRD patterns all look alike [19]. Under the same probe conditions, each liquid 
exhibits a unique scattering profile, including the position, shape, width and intensity of a series of peaks which are 
governed by the liquid properties. To the best of our knowledge, EDXRS as a tool for liquid material identification 
has never been reported.  
In the present work, some pure liquids were employed to investigate the X-ray scattering profiles using EDXRS. 
The profile features were analyzed systemically. The purpose of this article is to describe how liquid materials can 
be identified by EDXRS in spite of their lack of crystalline structure. A further goal of this work is to show that the 
experimental tool is intrinsically reliable, which enables it to be potentially developed as a feasible method to 
identify hazardous liquid fuel, liquid explosives and precursor chemicals.
2. Experimental Section 
2.1. Liquid samples 
A total of 12 liquid samples were measured for this study. The samples were as follows: methanol, ethanol, 1-
propanol, 1-butanol, 1-pentanol, oil of vitriol, acetic anhydride, acetic acid, 3,4-methylenedioxyphenyl-2-propanone, 
acetone, 2-butanone, distilled water. Except distilled water, all reagents used in our experiments were analytically 
pure grade, purchased from Shanghai Chemical Reagents Company, and used without further purification. 
2.2. EDXRS experiments 
We performed our experiments using the non-commercial energy-scanning diffractometer built in the Institute of 
Intelligent Machines, Chinese Academy of Sciences. The diffractometer consisted of (1) a Seifert X-ray generator, 
(2) a watercooled tungsten X-ray source with 3.0 kW maximum power and a nominal focal spot of 1×10 mm, (3) a 
Silicon Drift Detectors (XR-100SDD), connected to a multichannel analyzer (AMPTEK PX4, 1024) channels by an 
electronic chain for diffraction spectra collection, has an energy detection of 0.14 keV at 5.9 keV (55Fe), (4) a 
collimator system which focuses the X-ray beam in front of and behind the sample, (5) a step motors for moving the 
arms supporting the detector, whose minimum step movement leads to a minimum angle incrementum and 
reproduction of 0.01°, and (6) an adjustable sample holder that was positioned in the optical center of the 
diffractometer. 
A schematic diagram of the experimental system is shown in Figure 1, the source to sample distance is 180 mm, 
and sample to detector distance is 120 mm. The tungsten tube works at 55 kV and 20 mA, thus producing a white 
spectrum in the low energy range (the bremsstrahlung component of the X-ray source was used). Two vertical slits 
15 mm in height and of variable slit width collimate a parallel beam onto the sample, a horizontal soller silt and a 
0.02 mm in width and 15 mm in height receiving slit, which improve the angular resolution, collimate the scattered 
beam. We can perform our measurements at a fixed scattering angle ș, having a white incident polychromatic beam. 
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A sample of the test liquid sealed in a lucite holder with an internal volume of 2 ml, which can avoid evaporation 
and contamination by moisture in the air, is exposed to X-rays for 5 minutes. The X-ray intensity of an empty holder 
is also measured to make corrections for cell scattering. The measuring time was set 5 minutes so as to obtain 200-
8000 counts per experimental sample. This large amount of counts can be achieved, taking account of a significant 
improvement of signal to noise ratio. All samples were kept at the room temperature. 
Fig.1. Sketch of the energy dispersive X-ray scattering spectrometer 
A scattering parameter q can be expressed by scattering angle 2ș and X-ray energy E, as shown in equation (1):  
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where h, and c are the Planck’s constant, and the speed of light, respectively. When E is expressed in keV, the unit of 
q is nm-1. It is apparent that the material structure can be interrogated either by holding E fixed and measuring the 
scattering as a function of ș. It is generally known as angular dispersive diffraction technique and the method is used 
in most standard diffraction measurements, or in an energy-dispersive mode whereby measurements are made at a 
fixed scattering angle ș whilst using a broad energy band polychromatic x-ray beam, which is defined as 
polychromatic or white. The energy spectrum of the scattered radiation is acquired by an energy-sensitive detector, 
no movements being required. This technique requires an energy-resolving detector to measure simultaneously a 
range of scattered photon energies. The scattering effects characteristic of the scattering media are superimposed 
upon the incident spectra to produce a unique scattering profile.
3. Results and Discussion 
3.1. Scatter angle selection  
The choice of scattering angle is of critical importance due to its impact towards resolution, energy and intensity 
of the scattering profiles. Scattering angles in the low range considered as the amorphous materials to be 
investigated and identified are known from literatures [23]. The optimal scatter angle was selected by measuring the 
spectra of four samples using 5°, 7° and 9° scattering cells. The spectra obtained for methanol, 1-propanol, acetone 
and sulphuric acid are shown in Figure 2. It can be seen that all liquid materials illustrate different scattering curves 
at 5°, 7° and 9°. 
In Figure 2, as scattering parameter q expressed by sin(ș/2)vE-1, increasing the scatter angle compresses the 
scattering profile and shifts peak positions to lower energies. Also, increasing the scatter angle decreases the 
absolute width of each peak, indicating that larger scatter angles are preferable. However, as the aim of the EDXRS 
system is to detect liquid materials in containers which may be contained by other attenuating materials, the peaks 
should not be shifted much below 20 keV because of the attenuated X-rays energy [24]. At the same time, increasing 
the scatter angle the scattering profiles may be severely disturbed by the transmitted primary beam. Thus, scattering 
angle which is higher than 9° was not considered in our study. On the other hand, it can be observed that when angle 
is lower than 5°, all the scattering patterns are too broad, and the intensity and efficiency of photon counts are 
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decreased seriously. Therefore, a scatter angle of 7° was chosen as this gave the best peak shape with appropriate 
count rates and energy. In our investigation, all measurements were carried out at the determined angle of 7°. 
Fig.2. Scattering spectra of methanol, 1-propanol, acetone and sulphuric acid at scatter angles of 5°, 7° and 9°
3.2. Influence of sample holder 
All test liquids are sealed in a lucite holder in the experiment. In order to interrogate the influence of container 
scattering, the X-ray intensity of an empty holder is measured. The spectra obtained for sample holder is shown in 
Fig.3. Scattering spectra of the empty holder (a) and distilled water (b) at scatter angles of 7° 
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Figure 3(a). It can be seen that there are about 200 photons at the maximal peak of scattering curves for sample 
holder at 7°. The incident beam is almost full penetrate through the empty holder. In contrary to the about 1200 
photons at the maximal peak of scattering curves for distilled water at 7° (Figure 3(b)), the intensity of scattering for 
empty holder is so low that could be ignored.  
3.3. Scattering profiles of primary alcohols 
Scattering profiles of five primary alcohols are shown in Figure 4. The features of the scattering curves are greatly 
different among the homologous straight-chain single fatty alcohols. Their main peak centered on 1 nm-1 is ascribed 
to the interference from H-C-H units on neighbouring carbon chains [19]. With the exception of methanol, the counts 
of maximal peak position are diminishingly changing with increasing the number of carbon for the primary alcohols. 
At the same time, improving the length of carbon chain, the peak position shifts to lower energies location. In 
addition, 1-butanol and 1-pentanol possess a weak subsidiary maximum at low energy range. These characteristic 
distinctions are derived from the difference of molecular structure and physical properties of primary alcohols, such 
as the density (Tab.1). Based on analysis of features in figure 4 combining with the density of five primary alcohols, 
it is deduced that the ability of transport scattering photons decreases, and q shifts to lower values with increasing 
the density. There are three scattering centers in primary alcohols, namely, hydroxyl, methyl and methylene groups 
[25, 26]. The analysis of large-angle X-ray scattering and neutron diffraction data of liquid alcohols at room 
temperature reveals a distinct possibility of the presence of hexamer chain cluster, a mixture of hexamer and linear 
tetramer clusters or linear winding chains due to intermolecular hydrogen bonding [26-29]. These structural 
distinctions and three scattering centers differences are probably preferred responsible for the different features of 
the scattering profiles. 
Fig.4. Energy-dispersive scattering profiles of methanol, ethanol, 1-propanol, 1-butanol and 1-pentanol
Tab.1. Density of liquid samples in the experiment at 20 °C 
sampale ȡ(g/cm3) sample ȡ(g/cm3)
methanol 0.7918 1-pentanol 0.824 
ethanol 0.789 acetone 0.80 
1-propanol 0.8053 2-butanone 0.81 
1-butanol 0.8109 3,4-methylenedioxyphenyl-2-propanone 1.21 
3.4. Scattering profiles of ketones compounds  
Ketones are carbonyl compounds. The scattering profiles of acetone, 2-butanone, 3,4-methylenedioxyphenyl-2-
propanone are shown in Figure 5. Their main peak is centered on 0.8 nm-1, and each of them clearly produces its 
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own distinct pattern of peaks at the same experimental conditions. The shapes of experimental scattering curves for 
ketone are similar, but their maximal peak positions are slightly different, furthermore, the difference of their 
scattering intensity is evident. The peak amplitudes and width of profiles are gradually decrease with increasing the 
atomic numbers of carbon. Besides, it is shown that profiles intensity decreases and q shifts to lower values with 
increasing the density of ketones homologues (Tab.1). The good correlations between them are similar to that of 
primary alcohols. 
Fig.5. Energy-dispersive scattering profiles of acetone, 2-butanone and 3,4-methylenedioxyphenyl-2-propanone 
3.5. Scattering profiles of acids  
Figure 6 shows energy-dispersive scattering curves obtained with acetic acid, acetic anhydride and oil of vitriol. 
As indicated in figure 6, the curves of acids are similar to that of ketones compounds and primary alcohols, 
indicating that each acid clearly produces its own distinct pattern of peaks. The scattering position of acetic acid is in 
low energy range, accompanying with small q and large photon counts. The differences of the spectra between 
acetic acid and acetic anhydride are still obvious, though their maximal peak positions are extremely alike with each 
other, the difference of their scattering intensity is very evident. The shape, peak position and scattering intensity of 
the scattering curves for oil of vitriol are greatly different among the experimental acids. One features of Figure 6 
deserve special mention. The fluorescence profiles of tungsten tube are absorbed much more intensively by oil of 
vitriol than by acetic acid and acetic anhydride. In particular, the oil of vitriol clearly indicate the almost full  
Fig. 6. Energy-dispersive scattering profiles of acetic acid, acetic anhydride and oil of vitriol 
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absorption of tungsten anode characteristic line. Responsibility for this problem would be due to the presence of 
sulphur element of molecular structure. Compared with the atom of carbon, hydrogen and oxygen of acetic acid and 
acetic anhydride, sulphur is heavy element. The liquid materials containing heavy atoms would shown the more 
absorption effect of the fluorescence profiles of tungsten tube. 
4. Conclusions
The sattering spectra of three liquid systems have been investigated with EDXRS technology under the optimal  
degrees. The analysis of profiles for scattering media distinctly reveals that the EDXRS profile is unique to specific 
liquid material. Besides, there are significant differences in the liquid substances with similar constituent chemicals. 
The preliminary interpretation of the diversity in some characteristic profiles has been explored from the material 
properties. It indicates that their material properties can be differentiated, which allows their characterization. 
EDXRS not only provided shape and information but also identified similar known structures based on direct 
comparisons of experimental scattering profiles. The features and information of the scattering pattern suggests that 
EDXRS is a promising non-invasive and non-contact method to detect and identify concealed liquid materials. The 
conclusion indicates that EDXRS may be employed for the investigation and identification of liquid fuel and 
precursor chemicals. 
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